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PART  ONE — INTRODUCTION  AND  ANALYSIS  OF  PROBLEM 
Introduction 

Measurements  of  soil  losses  and  the  determination  of  the 
rate  of  silt  transportation  by  streams  have  disclosed  the  need  for 
more  efficient  apparatus  for  sampling  the  suspended  load.  This 
equipment  is  needed  especially  by  the  Soil  Conservation  Service  for 
use  when  the  fundamentals  of  sediment  transportation  are  being 
studied  or  when  reliable  results  are  required.    Since  most  of  the 
equipment  previously  used  produces  disturbances  that  affect  concen- 
tration measurements,  more  accurate  samplers  are  necessary.  Conse- 
quently, in  this  investigation  of  sampling  equipment,  experiments 
which  give  an  indication  of  the  absolute  accuracy,  rather  than  a 


comparison  between  instruments  of  unknown  accuracy,  are  ma.de  the 
basis  for  the  practical  designs. 

Analysis  of  Problem 

Analysis  of  suspended-load  transportation  measurements. 

The  amount  of  suspended  solid  material  transported  by  a 
stream  is  usually  determined  by  making  sediment  content  and  velocity 
measurements  at  many  points  in  the  cross  section  and  integrating  the 
results.    The  number  of  sampling  points  required  will  depend  upon 
the  degree  of  accuracy  necessary,  and,  according  to  O'Brien, upon 
our  knowledge  of  turbulent  flow  and  its  relation  to  sediment  trans- 
portation. 

The  suspended-load  samplers  used  for  these  measurements  may 
be  divided  into  two  classifications,  depending  upon  the  length  of 
the  sampling  period.    One-  might  be  called  the  integrating  or  con- 
tinuous sampler,  and  the  other  the  instantaneous  or  grab  sampler. 
Turbulent  fluctuations  cause  the  sediment  content  at  any  point  in 
a  stream  to  be  continually  varying;  therefore,  only  an  integrated 
sample,  taken  over  a  period  of  tine  long  enough  to  get  an  average 
concentration,  can  truly  represent  the  sediment  content.    This  inte- 
gration may  be  made  with  a  continuous  sampler  of  the  suction— nozzle 
type,  which  maintains  the  same  velocity  at  the  entrance  as  the 

P.  O'Brien,  Review  of  the  theory  of  turbulent  flow  and  its  re- 
lation to  sediment— transportation,  Trans.  Ar.ier.  Geophys.  Union,  April 
27-29,  1933,  pp.  487-491. 
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undisturbed  velocity  of  the  stream  at  that  point. ^    The  mean  concen- 
tration also  may  be  obtained  by  combining  a  number  of  small  grab 
samples  which  show  the  true  instantaneous  sediment  content. 

Analysis  of  sediment-laden  flow. 

Disturbances  caused  by  the  sampler  will  produce  changes  in 
the  local  concentration  that  vary  with  the  particle  size  and  distri- 
bution.   Small  changes  may  be  expected  when  the  sediment  is  fine  and 
uniformly  distributed,  but  larger  ones  should  result  when  the  parti- 
cles being  transported  are  coarse  and  the  distribution  non— uniform. 
Redistribution  of  sediment  takes  place  Y.Thenevcr  an  obstruction 
causes  a  stream  filament  to  deviate  from  its  undisturbed  path.  In 
the  resulting  curvilinear  flow,  materials  having  a  density  greater 
than  water  will  be  accelerated  less  rapidly  and  will  follow  a  path 
with  larger  radius  of  curvature.    When  this  occurs — that  is,  when 
silt  and  v/ater  at  any  point  are  following  different  paths — redistri- 
bution is  taking  place. 

Criterion  for  comparing  samplers. 

From  the  above  analysis  it  is  apparent  that  the  most  repre- 
sentative sample  will  be  obtained  when  we  have  the  least  disturbance 
to  the  sampled  fluid  before  it  is  taken.    Therefore,  the  merits  of  a 

2 

Continuous  suction— nozzle  samplers  are  now  being  used  in  the  Co- 
operative Laboratory  of  the  Soil  Conservation  Service  at  the  Cali- 
fornia Institute  of  Technology  in  studying  the  fundamental  laws  of 
sediment  transportation. 
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sampling  device  may  be  judged  by  the  degree  to  which  it  meets  the 
conditions  set  forth  in  a  criterion  for  the  ideal.    This  requires 
that  no  portion  of  the  sampled  fluid  shall  be  disturbed  by  changing 
its  normal  velocity,  in  either  magnitude  or  direction,  before  it 
arrives  at  the  point  where  it  is  taken.    Any  sampler  will  cause 
some  disturbance,  therefore,  the  relative  accuracy  of  such  instru- 
ments may  be  evaluated  by  devising  some  means  of  determining  the 
deviation  from  the  ideal. 

Other  problems  in  sampling  technique. 

The  measurement  of  suspended-load  transportation  makes 
evident  the  need  for  additional  research.    For  instance,  methods 
should  bo  established  for  determining  the  minimum  number  of  sampling 
points -in  a  stream  cross  section  to  calculate,  with  a  given  degree 
of  accuracy,  the  quantity  of  sediment  being  transported.  Likewise, 
more  definite  information  is  needed  about  the  number  of  grab  samples 
which  must  be  taken  at  each  point. 

Obviously  these  two  problems  are  not  independent.  Modern 
theories  of  turbulence  and  the  methods  of  statistical  analysis  will 
help  considerably  in  solving  them.    The  number  of  sampling  points 
necessary  will  be  affected  materially  by  the  results  of  research 
now  in  progress  on  the  fundamental  laws  of  sediment  transportation,^ 
while  the  number  of  samples  necessary  at  each  point  should  be  solved 
with  the  aid  of  accurate  grab  samplers. 

3 

See  footnote  on  page  3. 
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PART  TWO — HTDRA.ULIC  TESTS 
Introduction 

It  would  be  a  simple  matter  to  determine  by  direct  test 
the  efficiency  or  reliability  of  a  sampler  if  the  sediment  concen- 
tration at  a  point  in  a  stream  were  known.    Unfortunately  the  only 
means  at  hand  to  determine  the  concentration  involves  sampling  and 
at  once  reduces  direct  tests  to  a  comparison  of  instruments  and 
techniques.    Furthermore,  comparing  the  sediment  caught  by  various 
instruments  is  misleading  because  the  character  of  both  the  turbu- 
lence and  the  available  sediment  in  the  stream  or  flume  affect  the 
results.    The  practical  difficulty  of  either  directly  testing  or 
comparing  samplers  leads  to  the  consideration  of  other  methods  of 
evaluating  the  performance  of  such  devices.    One  method  that  is  be- 
lieved to  give  an  indication  of  the  absolute  accuracy,  rather  than 
a  comparison  between  samplers  of  unknown  accuracy,  is  based  upon 
the  preceding  flow  analysis  from  which  the  criterion  was  developed. 

Since  the  criterion  does  not  permit  any  disturbance,  it  be- 
comes necessary  to  determine  the  deviation  from  the  ideal;  and  this 
can  be  done  by  observing  the  paths  of  dye  streams  injected  into  the 
flow.  Consequently,  in  the  testing  procedure,  sampler  models  were 
supported  in  a  glass-walled  flume  and  dye  streams  were  injected  up- 
stream at  suitable  points  for  observing  the  disturbance  to  the  fil- 
ament of  fluid  entering  the  sampling  space.    It  seems  logical  to 
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conclude  that  there  will  be  no  redistribution  of  sediment  if  the  dye 
streams,  which  follow  the  flow  perfectly,  show  that  no  disturbance 
occurs. 

Selection  of  samplers  for  testing. 

After  studying  various  samplers  and  considering  our  immedi- 
ate needs,  two  types  of  grab  samplers  were  selected  for  hydraulic 
tests  because  they  seemed  most  promising  for  development  into  instru- 
ments that  produce  little  disturbance.    One,  the  horizontal-tube 
type,  consists  of  a  cylindrical  or  prismatic  tube  that  can  be  closed 
to  trap  a  portion  of  the  fluid.    The  other,  the  cutter- type  sampler, 
traps  a  cylinder  of  fluid  between  two  sealing  disks  when  a  spring- 
actuated  cutter  tube  slides  over  one  disk  and  strikes  the  other. 
The  latter  type  was  first  used  by  the  late  Henry  M.  Eakin^  in 
studying  suspended  load  in  the  Mississippi. 

Hydraulic  Tests  of  the  Eakin  Cutter-type  Sampler 

Figure  1  shows  one  unit  of  the  original  Eakin  cutter-type 
suspended-load  sampler.    A  comparison  of  this  sampler  with  many 
others  indicates  that  it  would  cause  less  disturbance  to  the  flow  of 
the  sampled  fluid  and  thereby  more  nearly  satisfy  the  criterion  for 

^Henry  M.  Eakin,  Diversity  of  current-direction  and  load-distribu- 
tion on  stream-bends,  Trans.  Amer.  Geoohys.  Union,  Aoril  25-26, 
1935,  pp.  467-472. 
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the  ideal.    Those  types  that  do  not  allow  free  and  undisturbed  cir- 
culation through  the  sampling  space  cannot  comply  with  the  criterion. 

Figure  2  shows  some  of  the  hydraulic  models  and  a  view  look- 
ing down  into  the  flume  where  they  were  tested  in  9  inches  of  water 
which  had  a  velocity  of  about  three-quarters  of  a  foot  per  second. 
The  milk  bottle  above  the  observation  window  supplied  the  dye  that 
was  injected  through  a  small  tube  at  points  located  directly  upstream 
from  the  center  line  of  the  models  and  at  vertical  intervals  of  one- 
quarter  of  an  inch.    In  the  foreground  one  of  the  sampler  models  is 
shown  in  place  ready  for  a  test  in  which  the  paths  of  the  dye  streams, 
as  seen  from  the  flume  window,  were  drawn  in  relation  to  the  sampler 
models . 

It  was  evident  from  a  flow  analysis  that  the  interference 
caused'by  the  original  Eakin  sampler  (fig.  l)  could  be  greatly  re- 
duced by  removing  the  trip  cord,  eliminating  the  one-quartor-inch  re- 
cess at  the  top  of  the  sampling  space,  using  a  thin  cutter  tube,  and 
removing  the  rod  from  the  center  of  the  sampling  space  by  supporting 
the  mechanism  from  the  rear  with  a  streamlined  housing.    A  wooden 
model  (fig.  2-C)  with  outside  dimensions  conforming  to  those  changes 

was  used  in  the  first  run.    A  study  of  the  resulting  flow  pattern 

i 

(fig.  3)  indicated  that  the  high-pressure  area  in  front  of  the  body 
caused  the  flow  to  curve  toward  the  gap  where  the  sampling  space  was 
located.    This  could  be  partly  prevented  by  isolating  the  body  sec- 
tions from  the  sampling  space  with  thin  plates  extending  upstream 


Figure  I  .-The  original  Eakin  cutter-type  suspended-load  sampler. 


Figure  2*-- Equipment  for  testing  outter-type  samplers. 


Figure  3.  —  Plot  of  stream  fines  showing  curved  f/ow  caused  by  the  samphr  body. 


flgure  4- Stream-line  plot  Showing  plates  for  decreasing  curvature  of  flow. 


Figure  6-P/ates  used  w/Vf)  o  cylindrical  body  a&ovG  and  Jbe/ow  the  sampZ/np  space. 


Figure  7-  PI  of  of  stream  lines  for  the  Eakin  sampler  model  3530-3. 
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and  to  the  sides  as  shown  in  figure  2-D.    The  flow  pattern  for  a 
model  with  this  modification  (fig.  4-)  may  be  compared  with  figure  3 
to  show  the  resulting  improvement.    Further  flow  tests  were  made  to 
investigate  the  proper  width  and  shape  of  the  plates. 

A  study  of  these  flow  pictures  suggested  the  possibility 
of  sampling  only  the  least  disturbed  part  by  isolating  it  between 
thin  disks  (fig.  2-B).    Although  a  slight  improvement  resulted,  as 
may  be  seen  by  comparing  figures  4-  and  5j  this  was  not  considered 
sufficient  to  warrant  the  use  of  the  more  complicated  construction. 

Figures  6  and  7  show  streamline  plots  for  cylindrical- 
body  samplers  which  have  a  rod  through  the  sampling  space.  The 
former  shows  the  effect  of  using  circular  plates  to  separate  the 
body  from  the  sampling  space  while  the  latter  is  a  flow  pattern  for 
one  of"  the  single-unit  lino— suspended  samplers  which  was  developed 
in  this  laboratory.    Flow-correcting  plates  were  not  used  on  the 
line-suspended  sampler  because  it  would  drift  and  assume  an  angle  to 
the  flow  so  that  their  advantages  could  not  be  fully  realized.  The 
drift  angle  is  determined  by  the  velocity  of  the  stream  and,  as  ex- 
plained in  part  four  of  this  report,  by  the  design  of  the  instrument. 
It  should  net  be  concluded,  however,  that  tilting  the  sampler  has 
sacrificed  the  advantages  of  the  cutter-type  construction;  because, 
with  bad  orientation,  the  flow  was  not  impaired  to  the  extent  that 
it  would  be  in  other  types  that  have  a  sampling  space  less  acces- 
sible to  the  flow. 
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Hydraulic  Tests  of  the  Horizontal-tube  Sampler 

The  other  grab  samplers  that  were  tested  with  hydraulic 
models  were  of  the  horizontal-tube  type.    Instruments  of  this  kind 
have  been  used  that  employed  gate  valves  or  standard  check  valves 
at  the  end  of  1-inch  to  1  l/4— inch— diameter  pipe,  the  valves  being 
spaced  12  to  14  inches  apart.    The  internal  resistance  of  a  long, 
slender  tube  ma.de  it  impossible  for  the  flow  conditions  to  be  un- 
changed as  water  passed  through  it.    The  lower  velocity  inside  the 
tube  may  cause  deposition  of  the  coarse  particles,  and  the  change 
in  velocity  at  the  entrance  will  cause  some  sort  of  redistribution 
of  the  sediment.    Because  of  such  undesirable  flow  conditions, 
samplers  using  long,  slender  tubes  were  not  considered  satisfactory 
and  consequently  they  were  not  tested. 

A  shutter  mechanism  consisting  of  a  plug  valve,  which  traps 
a  portion  of  water  inside  the  plug  (fig.  S),  would  permit  the  use  of 
a  short  tube  with  a  large  diameter.    Horizontal  tubes  of  this  sort 
could  be  placed,  one  above  another,  at  the  desired  intervals  to  form 
a  multiple-unit  sampler.    With  the  tube-supporting  member  the  same 
size  as  the  plug-valve  housing,  the  tendency  would  be  for  more  than 
the  normal  amount  of  water  to  be  forced  through  the  tube.    The  inter- 
nal friction  of  the  tube  would  oppose  this  tendency,  however,  and 
could  be  made  to  balance  it  exactly  by  adjusting  the  tube  length. 

The  position  and  length  of  the  tubes  could  be  varied  in  the 
hydraulic  models  shown  in  figure  9.     In  the  testing  procedure  a 
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single  dye  injector  was  supported  2  l/2  inches  upstream  from  the 
entrance  of  the  tube  (fig.  9-A),  and  the  injector  adjusted  verti- 
cally and  across  the  flume  until  the  dye  stream  was  split  by  the 
wall  of  the  tube,  one-half  going  inside  and  one-half  outside.  A 
number  of  points  where  the  dye  stream  split  were  found  and  located 
with  respect  to  the  axis  of  the  tube.    Plots  of  these  readings  gave 
the  cross-sectional  area,  2  l/2  inches  upstream  from  the  sampler, 
of  the  stream  fi3.ament  entering  the  tube.    Changes  were  made  in 
the  sampler  design  in  order  to  make  the  cross  section  of  the  stream 
filament  equal  to  the  cross  sectional  area  of  the  tube. 

In  the  first  series  of  tests  a  2  l/2-inch-I.  D.  tube  was 
mounted  in  a  4  l/4-inch  cylindrical  body  (fig.  9-B)  and  also  in  a 
U  l/4  x  9-inch  streamlined  body  (fig.  9-0 ).    The  nose  length  was 
keptr "constant  at  2  inches  while  the  total  tube  length  was  varied 
from  11  to  15  inches.    The  cross  sections  of  the  stream  filaments 
which  entered  the  tube  are  plotted  and  compared  in  figure  10.  In 
the  plot  of  filament  area  for  various  tube  lengths  it  is  shown  that,- 
due  to  some  instability  that  existed  for  long  tubes,  changing  the 
length  between  these  limits  did  not  produce  a  progressively  decreas- 
ing filament  area.    Two  repeat  runs  are  shown  to  indicate  the  accu- 
racy of  the  tests  at  a  velocity  of  1  1/3  feet  per  second.  Higher 
velocities  wore  not  used  because,  in  the  repeat  run  made  at  2  feet 
per  second,  it  was  difficult  to  trace  accurately  the  path  of  the 
dye.    The  slight  change  in  filament  cross  section  was  probably  due 


figure      Diagram  of  a  f)Qrizcnta/-tube  suspended-toad sampler  wtfft 

a p/up-vc/ve  shutter 


 ,-    .-    ,.  >--.-»—!»»• 


I 


Figure  9. — Equipment. for  testing  horizontal-tube  samplers. 
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Figure  10.- Plots  showing  stream-filament  cross-sections  which  enter  horizontal-tube 
samplers.  The  tail  length  is  varied  and  the  area  recorded. 
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Figure  //.-Plots  showing  stream-filament  cross-sections  which  enter  horizontal-tube 
samplers.  The  nose  length  is  varied  and  the  area  'and  elongation  recorded. 
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drical-body horizontal -tube  sampler.  The  tail  length  is  varied  and  the  area  recorded. 
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to  tills  difficulty,  although  it  might  be  attributed  to  changes  in 
the  shape  of  the  turbulent  wake  at  different  velocities. 

In  this  run,  all  the  filament-area  plots  are  elongated  be- 
cause the  body  affects  the  entrance  conditions.    This,  together 
■with  the  fact  that  too  long  a  tube  was  required  for  the  proper 
filament  area,  led  .to  tests  on  models  with  longer  nose  lengths. 
Before  making  a  new  set  of  runs,  however,  the  streamlined  body 
was  cut  dorm  to  a  length  of  8  inches  in  order  to  investigate  the 
possibility  of  getting  the  proper  conditions  without  a  tail  ex- 
tension. 

In  figure  11,  where  the  effect  of  variations  of  the  nose 
length  is  recorded,  it  is  shown  that  such  variations  alone,  over 
the  practical  range,  have  little  effect  on  the  filament  area.  How- 
ever, in  the.  plot  of  filament  elongation  for  various  nose  lengths, 
it  is  shown  that  there  is  less  elongation  when  the  entrance  is  far- 
ther from  the  body;  consequently,  a  nose  length  of  one  tube  diameter 
was  used  for  the  final  run  in  v.hich  the  shorter  streamlined  body  was 
not  used  because  the  alteration  did  not  produce  the  correct  filament 
area. 

The  final  run  with  this  set  of  models  was  made  with  the  2  1/2- 
inch-I.  D.  tube  in  the  4.  l/4-inch  cylindrical  body.    The  nose  length 
was  adjusted  to  one  tube  diameter  and  the  tail  length  was  varied  by 
using  tube  extensions  to  produce  changes  in  the  filament  area.  The 
results  are  recorded  in  figure  12  and  indicate  that  the  filament  area 
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decreases  with  increasing  tube  length.  By  extrapolation  it  appears 
that  a  tail  length  of  about  3  l/4  inches  would  give  a  filament  with 
an  area  equal  to  that  of  the  tube  cross  section.  However,  a  longer 
nose  length  might  be  better  since  it  would  put  the  entrance  farther 
from  the  disturbed  area  and  reduce  the  required  total  tube  length. 
Before  horizontal-tube  samplers  are  constructed,  more  detailed  in- 
vestigations along  these  lines  should  be  conducted,  using  the  exact- 
dimensions  of  the  proposed  designs. 

In  the  abo\Te  tests  the  body  sections  between  the  horizontal 
tubes  had  the  same  size  as  the  plug- valve-shutter  housing  in  order 
to  provide  sufficient  stiffness  for  a  stack  of  samplers  held  rigidly 
at  one  end.    If  a  body  section  only  long  enough  to  enclose  the  shut- 
ter mechanism  is  employed,  the  smaller  size  will  reduce  the  high- 
pressure  area  in  front  of  the  body  and  the  low-pressure  area  behind 
it.    This  will  make  it  possible  to  use  shorter  tube  extensions  and 
thus  produce  a  sampler  that  causes  less  disturbance  to  the  normal 
flow.    A  rotary,  barrel-type  shutter  might  be  used  to  avoid  possible 
objections  to  rotating  the  alignment  of  the  sampling  space,  as  is 
done  in  closing  the  plug-valve  sampler;  and  a  square  tube  could  be 
used  in  order  to  secure  the  largest  sample  possible  in  relation  to 
the  size  of  the  shutter  housing.    These  changes  would  result  in  a 
design  similar  to  figure  9-D.    Tests  of  this  model  showed  that  the 
plot  of  the  stream-filament  cress  section  had  an  area  smaller  than 
that  of  the  tube.    This  indicated  that  the  tube  extensions  could  be 
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made  much  shorter  and  possibly  the  rear  extension  could  be  eliminated. 
Due  to  the  anticipated  difficulty  in  producing  a  sampler  of  this  type 
that  would  operate  satisfactorily  in  silt-laden  water,  further  tests 
were  not  conducted. 

Summary  of  Result s  and  Conclusions 
on  Hydraulic  Tests 

Criterion  developed  for  comparing;  samplers. 

A  careful  analysis  of  sediment-laden  flaw  has  supplied  the 
basis  for  a  criterion  for  an  ideal  sampler  which  requires  that  no 
portion  of  the  sampled  fluid  shall  be  disturbed  by  changing  its 
normal  velocity,  in  either  magnitude  or  direction,  before  it  ar- 
rives at  the  point  where  it  is  taken.    By  devising  means  of  deter- 
mining" the  deviation  from  the  ideal  it  was  possible  to  evaluate  the 
performance  of  sampling  devices  and  to  develop  improved  designs. 

Hydraulic-model  tests  indicate  deviation  from  criterion. 

The  original  Eakin  cutter-type  sampler  (fig.  1)  was  modi- 
fied in  order  that  it  might  comply  more  closely  with  the  criterion 
for  an  ideal  sampler.    Plots  of  the  flow  around  various  models  (figs. 
3,  4,  and  5)  indicated  the  relative  amount  of  disturbance  to  the  sam- 
pled fluid.    These  flow  patterns  show  that  thin  plates  separating  the 
body  section  from  the  sampling  section  improve  the  flow  conditions 
materially.    An  additional  slight  improvement  results  when  only  the 
central  portion  between  the  plates  is  trapped  between  thin  disks. 
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Flow  plots  for  models  which  have  a  cylindrical  body  and  a 
rod  through  the  sampling  space  are  shown  in  figures  6  and  7.  Al- 
though the  flow  conditions  represented  by  figure  6  are  better,  the 
plates  were  not  used  on  the  line-suspended  sampler  (fig.  7)  because 
it  will  drift  and  assume  an  angle  to  the  flow  so  that  the  advantages 
of  the  plates  cannot  be  fully  realized. 

A  satisfactory  horizontal— tube  sampler  can  be  constructed 
by  making  adjustments  so  that  fluid  will  have  no  more  difficulty 
in  going  through  the  tube  than  around  it.    This  may  be  accomplished 
if  the  sampling  space  has  a  length  between  one  and  two  times  the 
tube  diameter.    The  high-pressure  area  before,  and  the  low-pressure 
area  behind  the  body  of  the  sampler  have  a  tendency  to  produce 
excess  flow  through  the  sampling  section.    However,  the  worst  of 
the  high-pressure  area  which  causes  curved  flow  in  front  of  the 
body  may  be  avoided  by  extending  the  tube  entrance  upstream  about 
three-fourths  the  body  diameter,  and  the  remaining  tendency  toward 
excess  flow  through  the  tube  may  be  overcome  by  using  the  proper 
tail  length. 

Conclusions  on  hydraulic  tests. 

Experiments  have  shown  that  satisfactory  samplers  may  be  built 
of  both  the  cutter  type  and  horizontal-tube  type,  provided  design 
principles  based  upon  properly  conducted  flow  studies  are  observed. 
After  making  an  analysis  of  sediment-laden  flow  and  studying  the 
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results  of  flow-pattern  investigations,  it  was  concluded  that  the 
Eakin  cutter-type  sampler  could  be  made  to  approach  more  closely 
the  conditions  set  forth  in  the  criterion  for  the  ideal,  and  there- 
fore it  v/as  selected  for  the  development  of  improved  mechanical  de- 
signs. 

PART  THREE — THE  DESIGN  OF  MULTIPLE-UNIT  EAKIN 
CUTTER-TYPE  SUSPENDED-LOAD  SAMPLERS 
Designs  Considered 

The  need  of  the  Soil  Conservation  Service    for  an  instrument 
designed  to  take  simultaneous  samples  at  vertical  intervals  of  one 
foot  or  more    brought  about  the  development  of  the  apparatus  de- 
scribed below.    It  ha.s  been  shown  by  flow-pattern  investigations 
that'  a  relatively  undisturbed  sample  may  be  obtained  with  the 
Eakin  cutter-type  sampler  when  thin  plates  are  used  to  separate 
the  flow  around  the  body  from  the  flow  through  the  sampling  sec- 
tion (figs.  2-D  and  4).    This  hydraulic  form  was  adopted  for  a 
detailed  design  in  preference  to  the  one  employing  plates  and 
disks  (figs.  2-B  and  5)  since  it  was  believed  that  space  limita- 
tions and  mechanical  complications  made  work  on  the  latter  form  in- 
advisable. 

In  the  preliminary  stages  a  number  of  mechanical  designs 
were  considered.    In  one  a  tie  rod  held  together  a  spacer  section 
and  a  separate  cutter-tube  housing  made  of  thin  sheet  brass  soldered 
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on  a  framework.    Welded  body  and  spacer  sections  were  also  consid- 
ered, but  sketches  and  calculations  indicated  that  the  instrument 
would  be  too  heavy. 

Sampler  Model  3530-CM5  Figure  13 

The  construction  method  chosen  for  the  final  design  employs 
a  one-piece  housing  of  cast  aluminum  alloy.    The  use  of  aluminum- 
alloy  castings  for  practically  all  the  structural  parts  increases 
the  strength,  eliminates  a  number  of  parts,  and  reduces  the  weight 
to  about  9  pounds  per  unit.    The  spacer  and  body  sections  are  made 
as  a  unit  one  foot  in  height.    These  can  be  stacked  one  above  an- 
other and  bolted  together  to  form  a  multiple  sampler.    The  division 
between  units  is  made  at  a  large  cross -section  in  order  that  the 
bolted  joints  can  be  made  as  strong  as  the  spacer  sections.  Elimi- 
nating the  rod  from  the  center  of  the  sampling  space  resulted  in  an 
arrangement  consisting  of  a  cylindrical  cutter  tube  supported  in 
front  of  a  rigid  structure.    A  streamlined  section  is  the  logical 
housing  for  such  an  arrangement  since  reduction  of  stream  drag  is 
important. 

The  cutter-tube  assembly  is  made  so  that  the  spring  energy 
is  dissipated  at  the  top  seal  which  comes  into  action  only  at  the 
end  of  the  stroke.    This  makes  it  possible  to  employ  a  sharp 

^Code  to  model  numbers:    3530-CM  =  3.5  in.  bore;  3.0  in.  stroke; 
C  refers  to  the  arrangement  of  cutter  tube,  spring,  and  seals;  M 
is  for  multiple  sampler. 
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cutter  tube,  a  very  flexible  bottom  seal,  and  a  low-pressure  re- 
silient spring. 

The  cocking  mechanism  has  been  simplified  by  the  use  of  a 
ball-bearing  windlass,  a  pulley,  and  a  flexible  cable  to  lift  the 
cutter  tube  (fig.  13,  center).    A  relatively  simple  latch  mechanism 
may  be  used  since  less  than  one  revolution  of  the  windlass  is  re- 
quired to  cock  the  sampler  (fig.  14,  center).    Although  the  use  of 
ball  bearings  under  water  is  rather  unconventional,  it  is  believed 
that  the  simplification  which  they  permit  justifies  their  use. 
With  sealed  stainless-steel  ball  bearings,  packed  completely  full 
with  heavy  waterproof  grease,  their  success  is  quite  probable. 

Specifications  and  working  drawings  for  the  Eakin  sampler 
model  3530-CM  are  contained  in  appendix  I.    Five  units  of  this 
sampler  were  constructed  and  the  patterns  and  drilling  templates 
are  available  for  use  when  additional  instruments  are  needed.  A 
bottom  plate,  rod  adaptor,  and  tripping  mechanism  were  constructed 
as  shown  in  figure  14-  and  used  to  test  the  sampler  for  proper  opera- 
tion in  heavy  concentrations  of  fine  sand.     It  is  believed  that 
these  end  sections  will  be  useful  for  taking  samples  from  low  bridges 
or  for  sampling  shallow  streams  by  Trading.    Handling  facilities 
should  be  designed  to  suit  the  sampling  station  when  more  than  two 
units  are  stacked  together,  when  the  water  is  deep  or  the  velocities 
high,  and  when  high  structures  traverse  the  stream. 
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PART  FOUR — THE  DESIGN  OF  SINGLE-UNIT 
EAKIN  CUTTER-TYPE  SUSPENDED-LOAD  SAMPLERS 
Introduction 

Stream-line  plots  for  designs  that  have  a  cylindrical  body 
and  a  rod  through  the  sampling  space  are  represented  by  figures  6 
and  7.    The  first,  which  has  thin  circular  plates  to  separate  flow 
around  the  cutter  tube  from  flow  through  the  sampling  space,  pro- 
duces very  little  disturbance.    When  these  plates  are  omitted  and 
a  thin  disk  is  used  for  the  bottom  seal  (fig.  7),  the  flow  is  quite 
uniform  at  the  bottom  of  the  sampling  space  but  is  curved  at  the  top. 
This  form  was  chosen  for  the  line-suspended  samplers  presented  here- 
in because  of  its  greater  simplicity  and  because  a  line-suspended 
sampler  often  assumes  an  angle  to  the  flow  and  consequently  the  ad- 
vantages of  the  plates  cannot  be  fully  realized.    However,  with  bad 
orientation,  flow  through  any  Eakin  cutter-type  sampler  is  not  im- 
paired to  the  extent  that  it  would  be  by  other  types  which  have  a 
sampling   space  less  accessible  to  the  flow. 

Eakin  Sampler  Model  404-O-A 

An  experimental  model  of  a  single-unit  sampler  was  con- 
structed of  brass  and  is  shown  in  figure  15-A.    The  cutter  tube  is 
assembled  around  a  central  guide  rod  which  supports  the  bottom  seal- 
ing disk  and  terminates  in  a  tang  which  fits  standard  current-meter 


Figure  15 .—-Early  models  of  the  Eakin  single-unit  suspended-load 
sampler.    A,  model  4040- A j  B,  model  3530-B. 
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weights.    Hooks,  which  hold  the  cutter  tube  in  the  cocked  position, 
are  attached  to  the  slotted,  outside  portion  of  a  telescoping  spring 
housing  which  is  connected  to  the  cutter  tube  by  means  of  a  perfor- 
ated plate.    A  locking-and-tripping  mechanism,  which  is  also  an 
anchor  for  the  suspension  rope,  is  arranged  above  the  spring  housing 
so  that  a  tripping  weight  dropped  down  the  rope  will  release  the 
cutter  tube  and  allow  it  to  close  against  the  bottom  sealing  disk 
under  the  action  of  the  cutter- tube  spring. 

In  an  effort  to  provide  tight  seals,  the  first  spring  used 
exerted  a  pressure  of  75  pounds  when  cocked  and  25  pounds  when 
closed.    This  spring  was  excessively  stiff  and  caused  the  bottom 
plate  to  bend.    It  was  replaced  with  a  spring  exerting  30  pounds 
when  cocked  and  20  pounds  when  closed,  thus  reducing  the  spring 
energy  to  half  its  former  value.    Even  so,  the  repeated  shock  made 
it  necessary  to  make  the  bottom  seal  supporting  rod  of  stainless 
steel  in  order  to  prevent  fracture. 

It  is  interesting  to  note  that  the  spring  tension  is  the 
essential  factor  in  determining  shock.    However,  the  energy  avail- 
able to  produce  shock  is  the  spring  energy  minus  the  frictional 
losses  incurred  during  the  downward  stroke  of  the  cutter  tube.  Such 
losses  increase  when  the  weight  of  the  cutter  tube  is  decreased  be- 
cause a  lighter  tube  will  trip  at  a  higher  velocity  and  thus  produce 
greater  fluid  friction.    It  is  seen,  therefore,  that  making  the  cut- 
ter tube  lighter  may  decrease  the  shock  load  for  tripping  in  water; 
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but  in  air,  where  there  is  less  fluid  friction,  the  difference  will 
be  very  small.    If  the  body  of  the  sampler  is  made  light  it  can  be 
accelerated  slightly  under  the  impact  of  the  cutter  tube  and  thus 
further  reduce  the  stress  in  the  bottom  disk  and  its  supporting  rod. 

Experience  gained  in  constructing  model  4040-A  made  it  ap- 
pear desirable: 

1,  To  reduce  the  spring  pressure, 

2,  To  improve  the  seals  to  insure  proper  functioning  under 
reduced  pressure. 

3,  To  devise  means  for  absorbing  energy  stored  in  the  mov- 
ing cutter  tube  without  overs  tress  ing  any  of  the  parts. 

4,  To  change  the  spider  arrangement  at  the  top  of  the  cut- 
ter tube  so  as  to  prevent  water  from  squirting  into  the 
air  when  the  sampler  is  tripped  near  the  water  surface. 

5,  To  avoid  silver  soldering  which  anneals  the  brass. 

A  design  was  prepared,  therefore,  using  the  same  general 
arrangement  of  parts  but  avoiding  many  of  the  defects  of  the  first 
sampler.    Further  study,  however,  indicated  the  desirability  of  a 
complete  redesign  which  resulted  in  further  improvements  which  were 
incorporated  in  model  3530HB, 

Eakin  Sampler  ifcdel  3530-3 

Nine  samplers  have  been  constructed  according  to  the  draw- 
ings and  specifications  in  appendix  II.    The  assembly,  as  shown  in 
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figure  15-B,  cost  $80.00  when  ordered  in  lots  of  four  vdth  patterns 
furnished  to  the  contractor.    The  following  improvements  are  in- 
corporated in  this  model: 

1.  The  spring  has  a  small  variation  in  pressure  over  the 
working  range  and  a  pressure  of  about  9  pounds  when 
closed,  thus  reducing  the  energy  to  be  dissipated  when 
the  sampler  is  tripped. 

2.  Better  seals  permit  the  use  of  the  reduced  spring 
pressure. 

3«    Silver  soldering  is  eliminated. 

/+•    Aluminum-alloy  castings  simplify  construction  and  re- 
duce the  stresses  in  the  bottom  seal  supporting  rod  by 
^_     making  it  possible  for  the  body  of  the  sampler  to  ac- 
celerate slightly  under  the  impact  of  the  cutter  tube. 

5.  An  easily  detachable  weight  simplifies  unloading  the 
sample . 

6.  A  split  tripping  weight  is  easily  attached  to  the  rope. 

Description  of  the  Eakin  sampler  model  3530-B. 

The  cutter  tube  of  this  sampler  is  made  of  3  l/2-inch-0.  D. 
thin-walled  brass  tubing  and  is  guided  by  the  outside  of  a  housing 
which  encloses  a  short  spring,  the  large  diameter  of  which  reduces 
the  variation  in  pressure.    Slots  in  the  housing  are  provided  in 
order  that  the  spring  may  be  connected  to  the  cutter  tube.    By  tele- 
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scoping  the  rope  anchor  and  the  locking-and-tripping  mechanism  in- 
side the  spring,  only  a  small  projection  above  the  housing  is  re- 
quired. 

A  very  resilient  spring  was  used,  the  working  pressure 
being  about  13  pounds  when  compressed  and  9  pounds  when  expanded. 
The  diameter  of  the  spring  in  this  model  has  been  made  as  large  as 
can  be  enclosed  in  the  cutter  tube  because,  for  equal  working  pres- 
sures, the  length  of  a  spring  may  be  decreased  as  its  diameter  is 
increased.    The  desired  reduction  in  shock  energy  is  accomplished 
primarily  by  a  lowered  spring  pressure,  and  secondarily  by  the  in- 
creased fluid  friction  loss  resulting  from  the  greater  velocity  of 
the  lighter  outer  tube.    In  air  the  latter  loss  is  small  and  a 
lightweight  cutter  tube  has  little  effect  on  the  shock  loading,  but 
a  reduction  in  the  weight  of  the  sampler  body  reduces  the  shock 
stresses  in  both  water  and  air  by  permitting  the  body  to  be  more 
easily  accelerated  under  the  impact  of  the  cutter  tube.    Because  a 
bayonet  mount  connects  the  two,  this  slight  movement  of  the  sar.pler 
body  can  be  made  without  accelerating  the  sinker  weight.    The  weight 
can  be  quickly  detached  when  the  sampler  is  being  emptied  and  a 
handle  with  a  bayonet  stud  can  be  attached  to  the  weight  for  con- 
venient handling.    At  one  gaging  station  the  sampler  was  lowered 
into  the  stream  by  means  of  a  derrick  used  for  a  current  meter.  A 
weight  adapter  (appendix  II,  dwg.  No.  L-243)  was  rade  in  order  that 
the  regular-  current-meter  weights  might  be  used. 
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Sand-cast  aluminum  alloys  were  used  to  a  large  extent  in 
order  to  increase  the  strength  and  reduce  the  weight  and  number  of 
parts  required.    Since  tripping  the  sampler  imposed  large  shock 
loads  on  the  rod  supporting  the  bottom  plate,  and  because  field  use 
would  subject  the  sampler  to  impact  against  rocks  and  bridge  struc- 
tures, only  those  alloys  high  in  both  elongation    and  strength  were 
considered.    Alloy  No,  220-T4  was  selected  for  the  body  casting  be- 
cause, of  all  sand-cast  aluminum  alloys,  it  has  the  highest  tensile 
strength,  yield  strength,  elongation,  and  resistance  to  impact.  A 
more  generally  used  high-strength  alloy  (No.  356-T6)  was  specified 
for  the  remaining  cast  parts  because  of  its  excellent  casting  quali- 
ties • 

To  test  the  samplers  for  jamming,  they  were  operated  in  a 
tank  of  water  in   which    silt  and  fine  sand  were  mixed.  Adjustments 
were  made  in  the  clearance  between  the  cutter  tube  and  its  guide  so 
that   the  operation  was  satisfactory.    In  these  tests  it  was  found 
that  the  locking  device  on  the  tripping  mechanism  was  seldom  needed. 
Since  the  instrument  should  not  be  cocked  until  it  is  to  be  used, 
the  lock  may  be  eliminated  without  endangering  the  operator. 

A  dummy  model,  which  had  approximately  the  same  weight  and 
frontal  area  as  sampler  model  3530-B,  was  lowered  into  the  Los 
Angeles  River  on  March  4,  1938  during  a  flood  period.    In  a  velocity 
estimated  to  be  15  feet  per  second  the  suspension  rope  assumed  an 
angle  of  5C°  from  vertical,  making  evident  the  need  for  greater 
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weight  in  proportion  to  the  frontal  area  when  the  sampler  is  used 
in  swift  streams*    The  heavier  current-meter  weights,  attached  by 
means  of  an  adapter  (appendix  II, dwg.  No*  L-243),  would  be  ad- 
vantageous when  high  velocities  are  encountered*    However,  to  real- 
ize fully  the  advantages  of  a  streamlined  weight,  the  sampler  mechanism 
itself  should  bo  very  compact  and  as  heavy  as  possible. 

Summary — model  3530-3, 

1*  This  sampler  is  an  acceptable  rope-suspended,  single- 
unit  sampler  in  regard  to  its  disturbance  to  the  flow 
in  the  sampling  space. 

2.    Its  operation  has  been  satisfactory  in  heavy  concentra- 
tions of  silt  and  fine  sand. 

3*  The  lock  on  the  tripping  mechanism  was  seldom  used  in 
actual  practice  and  might  be  eliminated. 

4*    Tests  for  drift  in  high-velocity  streams  indicate  that 
a  new  design  should  be  developed  which  has  reduced 
frontal  area  and  increased  weight. 

Sampler  Model  2724-D 

New  designs  were  prepared  in  order  to  develop  a  line-sus- 
pended single-unit  sampler  that  would  have  minimum  drift  in  rapid 
streams  and  be    simpler  in  construction  and  more  convenient  to 
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Figure  16. — The  Eakin  suspended-load  sandier  model  2724-D, 
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operate.    This  work  culminated  in  a  design,  shown  in  figure  16  and 
in  appendix  III,  which  has  the  following  features: 

1.  The  frontal  area  is  reduced  by  using  a  new  arrangement 
of  parts. 

2.  A  further  reduction  in  the  size  of  the  sampler  is  accom- 
plished by  decreasing  the  volume  of  the  sample. 

3»    A  small  supporting  cord  is  used  in  order  to  reduce  the 
drag  in  deep  water. 

4.  The  weight  in  proportion  to  the  frontal  area  is  in- 
creased. 

5.  The  spring  is  installed  on  the  outside  of  the  cutter  tube, 
the  lock  is  eliminated,  and  the  latch  and  tripping  mechanism 
are  arranged  so  that  a  large  portion  of  the  interior  of  the 
body  can  be  filled  with  lead. 

6.  A  more  effective  sealing  method  is  used  and  consequently 
a  weak  spring  is  satisfactory. 

A  preliminary  design  was  based  on  a  cutter-tube  construction 
similar  to  that  used  in  model  3530-CM,  but  it  was  found  that  greater 
compactness  could  be  secured  by  putting  the  spring  outside  the  active 
portion  of  a  cutter  tube  that  was  only  long  enough  to  cover  the  sam- 
pling space.    With  this  arrangement  the  body  may  extend  just  high 
enough  to  support  the  cutter  tube  in  the  cocked  position.    An  exam- 
ination of  drawing  No.  0-269  (appendix  III)  will  reveal  that  any  fur- 
ther material  increase  in  compactness  is ' impossible,  since  the  top  of 
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the  sampler  is  only  about  one-eighth  of  an  inch  above  the  top  of 
the  cutter  tube  and  this  is  necessary  as  a  spring  retainer. 

With  a  reduced  sample  volume,  the  instrument  may  be  made  small, 
compact,  and  more  easily  handled.    Although  this  design  is  applicable 
to  any  sample  \rolume,  a  small  size  is  recommended  so  that  a  larger 
portion  of  the  complete  apparatus  may  be  in  the  form  of  a  streamlined 
lead  weight.    When  high-velocity  streams  are  being  investigated,  a 
weight  adapter  could  be  screwed  on  the  bottom  of  the  sampler  in  place 
of  the  cap  nut.    Additional  weights  are  unnecessary  in  low-velocity 
streams,  and  the  small  size  makes  it  possible  to  handle  the  instrument 
by  some  convenient  means  such  as  a  swordfish  line  and  reel.    It  should 
be  noted  that  some  reels  will  require  a  change  in  the  gear  ratio  or 
the  installation  of  a  longer  handle. 

Occasions  may  arise  when  the  suspended-load  concentrations  are 
so  low  that  a  large  volume  is  needed  for  very  accurate  laboratory 
analysis.    Usually,  these  concentrations  will  be  accompanied  by  low 
velocities  which  decrease  the  difficulties  of  handling  and  make  it 
easy  to  take  a  number  of  samples.    The  necessity  for  repeating  the 
sampling  operation  is  not  a  disadvantage  because,  when  great  accuracy 
is  desired,  it  is  essential  to  take  several  samples  in  order  to  aver- 
age the  fluctuations  in  concentration  which  are  due  to  turbulence. 
Since  all  portable  instantaneous  samplers  are  too  small  to  smooth  out 
the  effects  of  turbulence  with  a  single  grab,  simplicity  of  design 
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and  convenience  and  reliability  of  operation  should  be  given  .major 
cons  ideration . 

Of  the  latch  mechanism  considered,  one  made  by  slotting  the 
body  casting  (appendix:  III)  was  the  most  compact  and  allowed  the 
largest  space  for  lead.    The  extent  to  which  space  is  utilized  is 
such  that  very  little  room  is  left  inside  the  sampler  body  for  air 
or  water.    Should  the  need  arise,  even  greater  movement  of  the 
latches  could  be  obtained  (within  the  elastic  limit  of  the  material) 
by  making  the  slots  deeper  and  at  an  angle  which  will  result  in  a 
more  uniform  distribution  of  stresses. 

In  comparison  with  model  353 0-43,  the  sealing  arrangement 
has  been  greatly  improved.    When  this  instrument  is  tripped,  the 
spring  energy,  which  was  absorbed  by  the  bottom  plate  of  the  former 
models,  is  dissipated  when  a  shoulder  at  the  upper  end  of  the  cutter 
tube  strikes  a  rubber  gasket  and  presses  against  it  to  form  the  top 
seal.    This  makes  it  possible  to  use  a  sharp  edge  on  the  cutter  tube, 
a  very  flexible  bottom  seal,  and  a  spring  pressure  as  low  as  6  or  8 
pounds.    Although  the  sharp  cutter  tube  strikes  it  first,  this  flexi- 
ble bottom  seal  deflects  sufficiently  to  allow  complete  sealing  at 
the  top. 

Summary  and  recommendations — model  2724.-D . 

The  line-suspended  sampler  shewn  in  figure  16  and  appendix  III 
was  designed  for  minimum  draft  in  high-velocity  streams.    There  was 
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no  tendency  to  jam  when  it  was  tested  in  heavy  concentration  of  silt 
and  fine  sand,  even  when  the  ]oad  concentration  was  about  25  percent 
by  volume.    Although  the  fits  were  loose  and  the  distance  between  the 
guides  was  short,  this  caused  no  trouble  on  closing  because  the  top 
of  the  cutter  tube  was  held  in  proper  alignment  while  the  spring 
pressure  was  applied  at  the  bottom. 

The  slotted  casting  which  forms  the  latches  has  been  found  very 
satisfactory.    Without  sacrificing  reliability,  greater  simplicity 
can  be  achieved  by  replacing  the  thin  metal  tripping  strap  with  short 
lengths  of  beaded  lamp-socket  chain.    The  chain  could  be  attached 
very  simply  by  drilling  the  top  of  the  casting,  thus  eliminating  four 
tapped  holes  and  four  screws.    It  is  believed  that  this  modification 
should  be  tried  when  additional  units  are  built. 

Summary  and  Recommendations  on 
Single-unit  Samplers 

Tests  indicate  that  flow  through  the  single-unit  cutter-type 
samplers  is  relatively  undisturbed  at  the  bottom  of  the  sampling 
space  but  suffers  some  curvature  at  the  top  near  the  cylindrical  cut- 
ter tube.    It  was  not  deemed  advisable  to  attempt  to  remedy  this  with 
thin  plates  as  was  done  with  the  multiple  sampler,  since  line-sus- 
pended samplers  often  assume  an  angle  to  the  flow  and  consequently  the 
advantages  of  the  plates  cannot  be  fully  realized. 
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After  the  construction  of  an  experimental  single-unit  sampler 
in  which  mechanical  difficulties  appeared,  model  3530-B  was  designed. 
Although  this  instrument  (fig.  15-B)  operated  without  mechanical 
difficulties,  it  suffered  from  excessive  drift  in  high-velocity 
streams  and  its  construction  was  believed  to  be  more  complicated 
than  necessary. 

Sampler  model  272A-D  (fig.  16)  was  designed  to  overcome  these 
difficulties  by  reducing  the  size  and  frontal  area  and  by  increasing 
the  weight .    An  examination  of  the  drawing  in  appendix  III  will  re- 
veal that  no  further  material  increase  in  either  compactness  or  weight 
can  be  obtained.    The  new  arrangement  of  parts  resulted  in  simplicity 
of  construction  and  lower  cost.    Tests  on  this  sampler  have  shown  its 
operation  to  be  satisfactory  in  high  concentrations  of  suspended  load. 
When  additional  single-unit  line-suspended  samplers  are  constructed, 
it  is  recommended  that  this  model  be  adopted  and  that  slight  modifi- 
cations in  the  tripping  mechanism  and  the  clearances  be  made  in  order 
to  find  the  optimum  dimensions  for  standardization. 

PART  FIVE — SAMPLER  HANDLING  FACILITIES 

Since  handling  facilities  vary  from  one  location  to  another 
and  depend  more  on  the  method  of  traversing  the  stream  than  on  the 
type  of  sampler  used,  they  are  not  considered  in  detail  in  this  re- 
port,   ilowever,    a  few  proposals  seem  in  order;  especially  those  deal- 
ing with  apparatus  directly  connected  to  the  samplers. 
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Multiple-unit  Sampler  Rigging 

The  multiple-unit  sampler  is  intended  primarily  for  use  in 
detailed  investigations  during  which  the  instrument  should  be  held 
rigidly  in  the  stream  by  a  mounting  adapter  which  attaches  to  the 
top  unit  of  the  stack  and  permits  the  apparatus  to  be  lifted  along 
a  vertical  runway  by  means  of  a  windlass. 

The  rod  adapter  shown  in  figure  14.  should  be  satisfactory 
where  one  or  two  units  are  operated  by  hand  from  a  low  bridge.  Per- 
haps a  longer  rod  or  additional  units  might  be  used  if  guy  wires  at- 
tached close  to  the  sampler  units  oppose  the  force  of  the  stream. 

Although  this  apparatus  is  not  designed  to  be  suspended  from 
a  line,  this  may  be  desirable  if  the  stream  is  deep  and  may  be  possi~ 
ble  if  the  velocities  are  not  high.    Proper  orientation  might  be 
maintained  by  attaching  a  heavy  weight  at  the  bottom,  toward  the 
rear;  the  supporting  line  at  the  top,  toward  the  front;  and  fins  to 
the  bosses  on  the  back  of  the  sampler. 

Suspension  System  for  Sampler  Model  3530-B 

A  rope  large  enough  to  be  held  by  hand  is  supplied  with 
model  3530-B.    When  larger  weights  are  attached,  a  windlass  may  be 
necessary  for  lifting  the  apparatus.    For  one  installation  an 
adapter  was  made  in  order  to  use  the  windlass  already  provided  for 
current  meters . 
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Suspension  System  for  Sampler  Model  2724— D 

The  suspension  line  of  this  sampler  has  been  made  small  in 
order  to  reduce  drift  in  the  stream.    This  instrument  weighs  only 
6  1/2  pounds  and,  unless  additional  weights  are  used,  may  be  oper- 
ated without  injuring  the  hands  if  gloves  are  worn.    A.  better 
method  would  be  to  wind  the  line  on  a  swordfish  reel  equipped  with  a 
friction  brake  and  ant i -reversing  pawls.    The  smaller  reels  do  not 
have  stiff icient  mechanical  advantage  but  often  this  may  be  remedied 
by  reversing  the  gear  ratio  or  by  installing  a  longer  handle.  The 
reel  could  be  attached  to  a  short  rod  or  mounting  board  which  could 
be  clamped  to  a  bridge  railing.    The  line  might  be  arranged  to  pass 
over  a  pulley  and  counter  combination  arranged  to  read  in  feet. 

By  screwing  an  adapter  flange  to  the  top  of  the  sampler,  it 
may  be  mounted  on  a  rod.    When  the  instrument  is  used  in  this  way, 
the  lead  may  be  removed  from  the  interior  to  reduce  its  weight  to 
about  2  1/2  pounds. 

When  a  heavy  weight  is  added  to  the  bottom  of  the  line- 
suspended  sampler,  the  swordfish  line  should  be  replaced  with  stain- 
less steel,  stranded  aircraft  cable  and  a  windlass  of  sufficient 
load-handling  ability  should  be  used.    Weights  should  be  detachable 
to  facilitate  unloading  the  sample.    The  sampler  may  be  emptied  .and 
cocked  simultaneously  by  pushing  it  through  a  3  l/l6-inch  hole  in 
the  lid  of  a  can  which  is  3  1/2  inches  in  diameter  by  3  1/2  inches  de 
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A  few  shakes  as  it  is  removed,  from  the  can  will  wash  the  silt  off 
the  bottom  plate. 

PART  SIX — GENERAL  SUMMARY  OF  RESULTS 

Hydraulic  Tests 

A  criterion  for  an  ideal  sampler,  based  upon  an  analysis  of 
sediment- laden  flow,  has  been  adopted  as  a  basis  for  tests  which  give 
an  indication  of  the  absolute  accuracy  of  a  sampler.    It  is  believed 
that  such  tests  are  more  significant  than  those  which  merely  compare 
instruments  of  unknown  accuracy.    The  criterion  requires  that  no  por- 
tion of  the  sampled  fluid  shall  be  disturbed .by  changing -its  velocity 
in  either  magnitude  or  direction,  in  arriving  at  the  point  where  it 
is  taken.    After  studying  the  results  of  the  tests,  it  was  concluded 
that  the  Eakin  cutter-type  sampler  could  be  made  to  approach  more 
closely  the  conditions  set  forth  in  the  criterion,  and  therefore,  it 
was  selected  for  the  development  of  improved  mechanical  designs. 

Multiple-unit  Samplers 

Model  tests  were  used  in  designing  a  multi-unit  sampler 
(fig.  13)  which  employs  flow-correcting  fins  and  is  housed  in  an 
aluminum-alloy  casting.    The  units  are  one  foot  high  and  arranged 
to  stack,  one  above  another. 
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Single-unit  Samplers 

After  a  preliminary  experimental  model  had  been  tried,  a 
rope-suspended  single-unit  sampler  (fig.  15-B)  was  designed  and  it 
proved  satisfactory  in  operation  in  heavy  concentrations  of  silt  and 
fine  sand.    Because  the  construction  of  this  model  was  more  compli- 
cated than  necessary,  and  the  instrument  suffered  from  excessive 
drift  in  high-velocity  streams,  model  2724-D,  (fig.  16)  was  designed 
to  overcome  these  difficulties.    It  is  recommended  that  this  design 
be  adopted  when  additional  samplers  are  constructed. 

General  Information 

Mounting  and  handling  facilities  have  not  been  dealt  with 
in  detail,  but  pertinent  suggestions  are  found  in  part  five  of  this 
report . 

Complete  drawings  and  specifications  for  the  multiple-unit 
sampler  and  two  of  the  single  unit-samplers  are  found  in  appendices 
I,  II,  and  III.    A  number  of  templates  used  in  their  construction 
and  patterns  for  all  castings  are  in  storage  at  the  U.  5.  D.  A., 
Soil  Conservation  Service,  Cooperative  Laboratory,  California  Insti- 
tute of  Techno logy,  Pasadena,  California. 
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APPENDIX  I 

DRAWINGS  AND  SPECIFICATIONS  FOR  MULTIPLE- 
UNIT1  EAKIN  SAMPLER  MODEL  3530-CM 


Since  handling  facilities  should  be  designed  to  suit  the  sampling 
station,  the  necessary  attachments  to  the  bottom  and  top  units  are 
not  covered  by  these  drawings  and  specifications.    A  bottom  plate 
and  tripping  mechanism  similar  to  that  shown  in  figure  14  would  be 
satisfactory  in  most  cases,  but  a  mount  heavier  than  the  rod  adapter 
will  be  required  to  hold  a  multiple-unit  stack  in  a  high-velocity 
stream. 
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Specifications  for  Multiple-unit  Eakin  Sampler  Model  3530-CM 

The  suspended-load  sampler  covered  by  these  specifications 
shall  be  furnished  ready  for  operation  with  all  machining  and  fit- 
ting completed.     Each  of  the  sampler  units  in  the  stack  shall  con- 
form to  drawings  No.  P-243  revised  2-9-39  and  9-29-39,  No.  P-249 
revised  4-4-39  and  9-29-39,  No.  P-250  revised  9-29-39,  and  No.  P-251 
revised  9-29-39.    The  number  of  units  assembled  in  the  stack  and  the 
type  of  end  attachments  used  shall  conform  to  instructions  and  speci- 
fications not  herein  provided. 

Service  requirements. 

The  apparatus  specified  herein  is  to  be  used  to  take  sam- 
ples of  silt-laden  water  from  various  points  in  a  stream  for  the 
purpose  of  determining  the  suspended-load  concentration.  Samples 
are  to  be  obtained  by  rigidly  supporting  the  apparatus  in  the  stream 
by  means  of  an  attachment  bolted  to  the  top  unit  of  the  stack  and 
then  closing  the  sampler  by  releasing  the  cable  windlass  (part  No. 
22,  dwg.  No.  P-24.8)  in  order  to  allow  the  cutter  tube  (2)  to  close 
against  the  bottom  sealing  disk  (16)  under  the  action  of  the  cutter- 
tube  spring  (8). 

Field  use  under  adverse  conditions  makes  it  necessary 
that  the  parts  be  constructed  of  alloys  possessing  high  strength 
and  elongation.    The  section  thickness  shall  be  held  to  the  closest 
possible  limits  to  avoid  excess  weight  or  an  impairment  of  strength. 


Materials . 

All  castings  (parts  Mo.  1,  2,  3,  and  19)  shall  be  made  of 
aluminum  alloy  No.  35&-T6  or  an  alloy  of  similar  composition  and 
equally  satisfactory  machining  qualities.    The  ultimate  tensile 
strength  shall  be  not  less  than  30,000  pounds  per  square  inch  and 
the  elongation  not  less  than  3  percent  in  2  inches.    A  standard 
half-inch-diameter  test  specimen  shall  be  supplied  for  each  pour. 
The  cutter-tube  spring  shall  be  made  of  spring  phosphor  bronze 
and  all  other  materials  shall  conform  to  drawing  No.  P-24-8  revised 
2-9-39  and  9-29-39. 

Patterns  and  drilling  templates. 

The  patterns,  complete  with  all  accessory  parts,  and  the 
three  drilling  templates  (dwgs.  No.  P-249-50)  shall  be  delivered 
with  the  sampler  and  shi3.ll  then  become  the  property  of  the  purchaser. 
The  thin,  projecting  fins  on  the  patterns  for  the  body  casting  shall 
be  made  of  sheet  brass  or  duralumin  in  order  to  avoid  warping  or 
accidental  breakage.    All  dowels"  and  fixtures  shall  fit  tightly  to 
afford  proper  alignment  of  the  parts  and  care  must  be  taken  to  pro- 
vide machining  allowances  only  where  indicated.    The  patterns  shall, 
at  the  time  of  delivery,  be  in  sufficiently  good  condition  to  per- 
mit obtaining  at  least  100  additional  sets  of  dimensionally  accurate 
castings. 
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Cutter-tr.be  spring. 

The  cutter-tube  spring  shall  consist  of  20  turns  of 
B.  &  S.  8-gage  spring  phosphor-bronze  wire,  wound  to  3  7/16  inches 
outside  diameter  when  compressed.    The  ends  shall  be  ground  only 
and  the  free  length  shall  be  2U  inches. 

Finish. 

All  cast  surfaces  shall  be  cleared  of  waste  metal  and 
have  rough  surfaces  and  unintonti  onal  sharp  corners  removed.  A 
smooth  finish  cut  shall  be  required  on  all  machined  surfaces  and 
the  unmachined  surfaces  on  the  outside  of  the  body  casting  shall 
be  given  a  coat  cf  aluminum  paint. 

Adjustments  and  tests. 

Windlass  adjustments  shall  be  made  so  that  all  the  cutter 
tubes  of  a  stack  are  fully  cocked  simultaneously.    The  top-sealing 
ring  (7)  shall  be  adjusted  so  that  it  does  not  apparently  slow  up 
the  closing  of  the  cutter  tube.    Since  variations  in  the  seals  de- 
termine their  effectiveness,  they  shall  be  adjusted  so  that  not 
more  than  50  percent  of  the  sample  will  leak  out  in  10  minutes 
while  the  stack  is  supported  horizontally. 

Alternate  Specifications— I/pdol  3530-CII 

If  the  purchaser  is  able  to  furnish  the  patterns  and  drilling 
templates,  change  the  section  that  applies  to  these  items  to  read  as 
follows : 
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Patterns  and  drilling  templates. 

The  patterns  and  the  three  drilling  templates  shall  be 
furnished  by  the  purchaser  and  shall  be  returned  in  good  condition. 


APPENDIX  II 


DRAWINGS  AND  SPECIFICATIONS  FOR 
EAKIN  SAMPLER  MODEL  3530-B 
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Specifications  for  Eakin  Sampler  Model  3530-B 

The  suspended-load  sampler  covered  by  these  specifications 
shall  be  furnished  assembled  and  ready  for  operation  with  all  machin- 
ing and  fitting  operations  completed.     It  shall  conform  to  drawing 
No.  P-233  revised  1-28-38,  2-15-38,  5-17-38,  and  6-1-38  which  forms 
a  part  of  these  specifications. 

Service  requirements. 

The  sampler  specified  herein  is  to  be  used  to  take  samples 
of  silt-laden  water  from  any  desired  point  in  a  stream  for  the  pur- 
pose of  determining  the  suspended— load  concentration.    Samples  are 
to  be  obtained  by  lowering  the  device  to  the  desired  point  by  means 
of  a  rope  attached  to  the  rope  anchor  (part  No.  3}  dwg.  No.  P-233) 
and  then  closing  the  sampler  by  dropping  the  tripping  weight  (9) 
down  the  rope.    The  tripping  weight  depresses  the  plunger  (1)  and 
releases  the  spider  assembly  (5)  which,  under  the  action  of  the 
cutter-tube  spring,  forces  the  cutter  tube  (6)  to  the  closed  posi- 
tion against  the  bottom-sealing  disk.     In  order  to  avoid  accidental 
tripping  of  the  sampler  when  it  is  being  handled  out  of  water,  the 
plunger  is  slotted  to  provide  a  safety  lock.    The  sampler  is  to  be 
used  in  the  field  under  adverse  conditions,  therefore  it  shall  be  re- 
liable in  operation  and  convenient  to  handle.    To  make  the  apparatus 
easy  to  transport,  the  sampler  mechanism  shall  be  easily  detachable 
from  the  bayonet  mount  in  the  lead  weight  so  that  the  weight-carrying 


handle  (8)  can  be  inserted  in  its  place.    Since  tripping  the  sampler 
imposes  large  shock  loads  on  the  structure,  and  because  field  use 
will  subject  the  sampler  to  impact  against  rocks  and  bridge  struc- 
tures the  high-strength  aluminum  alloys  specified  below  shall  be 
strictly  adhered  to. 

Materials. 

The  body  casting  (4)  shall  be  made  of  aluminum  alloy  No. 
220-T4  or  an  alloy  of  similar  composition  and  equally  satisfactory 
machining  qualities.    The  ultimate  tensile  strength  shall  be  not 
less  than  4-2,000  pounds  per  square  inch  and  the  elongation  not  less 
than  10  percent  in  2  inches.    A  standard  half-inch-diameter  test 
specimen  shall  be  supplied  for  each  pour.    All  other  castings  (1,  2, 
3,  5 j  and  8)  shall  be  made  of  aluminum  alloy  No.  356-T6  or  an  alloy 
of  similar  composition  and  equally  satisfactory  machining  qualities. 
The  ultimate  tensile  strength  shall  be  not  less  than  30,000  pounds 
per  square  inch  and  the  elongation  not  less  than  3  percent  in  2 
inches.    A  standard  half -inch-diameter  test  specimen  shall  be  sup- 
plied for  each  pour.    The  coil  springs  shall  be  of  spring  phosphor 
bronze  and  all  other  materials  shall  conform  to  drawing  No.  P-233. 

Patterns. 

The  patterns,  complete  with  all  accessory  parts,  shall  be 
delivered  with  the  sampler  and  shall  then  become  the  property  of  the 
purchaser.    The  patterns  shall,  at  the  time  of  delivery,  be  in 
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sufficiently  good  condition  to  permit  obtaining  at  least  a  dozen 
dimensionally  accurate  sets  of  castings. 

Coil  springs. 

The  cutter-tube  spring  shall  consist  of  16  turns  of  3.  &  S. 
7-gage  spring  phosphor-bronze  wire,  wound  to  2  7/3  inches  outside  di- 
ameter.   The  free  length  shall  be  IS  3/4  inches  -with  both  ends  squared 
and  ground. 

The  plunger-lifting  spring  shall  consist  of  19  turns  of 
B.  &  S.  18-gage  spring  phosphor-bronze  wire,  wound  to  13/16  inch- 
outside  diameter.     It  shall  have  plain  ends  and  a  free  length  of  3 
inches. 

The  plunger-depressing  spring  shall  consist  of  3  turns  of 
B.  &"S".  10— gage  spring  phosphor-bronze  wire,  wound  to  11/2  inches 
outside  diameter.    The  free  length  shall  be  19/32  inch  with  both' 
ends  squared  and  ground. 

The  bayonet  spring  shall  consist  of  6  turns  of  B.  &  S. 
7— gage  spring  phosphor-bronze  wire,  wound  to  1  l/l6  inches  outside 
diameter.    The  free  length  shall  be  1  7/8  inches  with  both  ends 
squared  and  ground. 

Finish. 

All  cast  surfaces  shall  be  cleared  of  waste  metal  and  have 
rough  surfaces  and  unintentional  sharp  corners  removed.    The  top  of 
the  cap  (2)  shall  be  supplied  without  scratches  that  uncover  the 
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bright  metal  or  else  it  shall  be  given  a  coat  of  aluminum,  paint. 
A  smooth- finish  cut  shall  be  reouired  on  all  machined  surfaces  arid 
the  brass  cutter  tube  shall  be  polished. 

Alternate  Specifications — Model  3530-B 

If  the  purchaser  is  able  to  furnish  the  patterns,  change 
the  section  that  applies  to  these  items  to  read  as  follows: 

Patterns. 

The  patterns  shall  be  furnished  by  the  purchaser  and  shall 
be  returned  in  good  condition. 


APPENDIX  III 

DRAWINGS  AMD  SPECIFICATIONS  FOR 
EAKIN  SAMPLER  MODEL  2724-D 
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Specif ications  for  Eakin  Sampler  Kodel  2724-D 

The  suspended-load  sampler  covered  by  these  specifications 
shall  be  furnished  assembled  and  ready  for  operation  with  all 
machining  and  fitting  operations  completed.     It  shs.ll  conform  to 
drawing  No.  0-269  revised  9-4-39  and  3-12-4-0,  which  forms  a  part 
of  these  specifications. 

Service  requirements. 

The  sampler  specified  herein  is  to  be  used  to  take  samples 
of  silt-laden  water  from  any  desired  point  in  a  stream  for  the  pur- 
pose of  determining  the  suspended-load  concentration.     In  use,  the 
apparatus  will  be  lowered  to  the  desired  point  by  means  of  the  line 
(part  No.  12,  dwg.  No.  0-269)  and  then  it  will  be  closed  by  drop- 
ping the  tripping  weight  (20)  dorm  the  line.    This  Y.-aight  depresses 
the  center  of  the  tripping  strap  (9),  thereby  springing  the  latch 
on  the  body  casting  (1)  to  a  position  that  allows  the  cutter  tube  (2) 
to  close  against  the  bottom  seal  (15)  under  the  action  of  the  cutter- 
tube  spring  (3). 

The  castings  used  in  the  instrument  will  be  subjected  to  ex- 
posure to  weather,  severe  jars  and  shock  loads.    During  construc- 
tion, parts  of  the  body  casting  will  bo  bent;  and  thereafter  they 
will  be  repeatedly  sprung  back  and  forth  in  the  normal  operation  of 
the  instrument.    This  will  require  an  alloy  capable  of  a  moderate 
amount  of  elongation  and  one  possessing -a  high  elastic  limit. 
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Furthermore,  the  alloy  must  possess  casting  qualities  permitting  the 
casting  of  smooth  surfaces  on  the  cover  (4)  and  the  cutter  tube. 

Materials, 

All  castings  (1,  2,  4,  and  5)  shall  be  made  of  aluminum 
bronze  with  an  ultimate  tensile  strength  not  less  than  70,000 
pounds  per  square  inch,  a  yield  point  not  less  than  35,000  pounds 
per  square  inch,  and  an  elongation  not  less  than  8  percent  in  2 
inches.    A  standard  half -inch-diameter  test  specimen  shall  be  sup- 
plied for  each  pour.    The  cutter-tube  spring  (3)  shall  be  of  spring 
phosphor  bronze,  and  all  other  materials  shall  conform  to  drawing 
No.  0-269. 

Patterns. 

The  patterns,  complete  with  all  accessory  parts,  shall  be 
delivered  with  the  sampler  and  shall  then  become  the  property  of 
the  purchaser.    They  shall,  at  the  time  of  delivery,  be  in  suffi- 
ciently good  condition  to  permit  obtaining  at  least  100  additional 
sets  of  dimensionally  accurate  castings. 

Cutter-tube  soring. 

The  cutter-tube  spring  shall  consist  of  19  turns  of  B.  &  S. 
9— gage  spring  phosphor-bronze  "wire,  wound  to  3  1/3  inches  outside 
diameter  when  compressed.    The  ends  shall  be  ground  ozHj  and  the 
free  length  shall  bo  24  inches. 
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Finish. 

The  top  of  the  cover  and  the  outside  of  the  cutter-tube 
casting  shall  be  free  from  surface  defects  that  mar  the  appearance 
or  cause  improper  operation  of  the  cutter-tube  spring. 

Adjustments  and  tests. 

If  it  should  be  necessary,  adjustments  shall  be  made  in 
the  mounting  of  the  tripping  strap  and  in  the  latch  tension  so  that 
blows  (with  the  hand)  against  the  side  of  the  cutter  tube  will  not 
trip  the  instrument  and  so  that  dropping  the  tripping  weight  about 
one  foot  (in  air)  will  trip  the  sampler. 

The  seals  shall  be  adjusted  so  that  they  do  not  apparently 
slow  up  the  closing  of  the  cutter  tube  and  so  that  not  more  than 
50  percent  of  the  sample  will  leak  out  in  10  minutes  while  the 
sampler  is  supported  horizontally. 

Alternate  Specifications — Model  2724-D 

If  the  purchaser  is  able  to  furnish  the  patterns,  change 
the  section  that  applies  to  those  items  to  read  as  follows: 

Patterns. 

The  patterns  shall  be  furnished  by  the  purchaser  and  shall 
be  returned  in  good  condition. 


